In Gram-negative bacteria numerous solutes such as sugars, amino acids, peptides, anions and metals are transported across the cytoplasmic membrane by the ABC-type (or ATP-binding cassette type) multicomponent transport systems. The common protein components of these systems include two transmembrane proteins that usually span the membrane about six times each, one or two peripheral-membrane ATP-binding protein(s) localized on the cytoplasmic side of the membrane and a high-affinity solute-binding protein which, in Gram-negative bacteria, is periplasmic. The function of the transmembrane component is to channel the solute to the cytoplasm whereas the ATP-binding protein provides energy to the system. Finally, the ligandbinding protein confers specificity and affinity (Higgins, 1992) .
The presence of ABC-type transport systems in Grampositive bacteria has only recently been documented. In particular, among the most extensively characterized are the amiA system of Streptococczispne~moniae (Alloing e t al. , 1990) responsible for the uptake of oligopeptides, the oligopeptide transport systems spoOK and app of Bacillzis stlbtilis (Perego et al., 1991 ; Rudner e t al., 1991 ; Koide & Hoch, 1994) , the rbs and dciA systems of B. szibtilis (Woodson & Devine, 1994; Mathiopoulos et al., 1991) , the function of which is to transport ribose and dipeptides, respectively, and the glutamine transport system of Bacilltls stearotbermopbilzis (Wu & Welker, 1991) . On the basis of the information obtained from the characterizThe EMBL accession number for the nucleotide sequence reported in this paper is X77636.
ation of these systems it appears that their overall structural organization highly resembles their Gramnegative counterparts. The most relevant difference is found in the solute-binding proteins. In fact in Grampositive bacteria they are lipoproteins anchored to the external surface of the cell membrane with an N-terminal glyceride-cysteine (for a review see von Heijne, 1989 ).
In the course of our sequencing work on the surfactin synthetase operon (Cosmina e t al., 1993; van Sinderen e t al., 1993) we identified an operon-type structure potentially encoding three proteins which, on the basis of sequence homology, are likely to form an ABC-type amino acid transport system. This putative operon is located upstream from the sfp gene. A partial characterization of this region has been recently reported by Grossman e t al. (1993) , who found it to be part of a B. szibtilis chromosomal region able to complement siderophore-deficient mutants of Escbericbia coli. Interestingly the authors demonstrated that the complementing factor was the product of the sfp gene.
To our knowledge, this is the first putative amino acid transport system fully characterized in B. szibtilis.
A 300 bp Satl3A fragment located approximately 3.3 kbp downstream from the s r -A operon was inserted into the BamHI site of the integrative plasmid pJM103 (Perego et al., 1991 to transform E. coli JM109 competent cells and among the several tranformants obtained six were analysed for plasmid content. Plasmid analysis showed that five of the randomly selected clones harboured a plasmid containing the same chromosomal fragment of approximately 6 kb. One of these plasmids, named pSM714, was further characterized.
The sequencing of the 5828 bp fragment was accomplished using the dideoxy chain-termination procedure (Sanger e t a/., 1977) and the Sequenase version 2.0 enzyme (USB) on pSM714 derivatives obtained upon progressive
ExoIII deletions of the cloned region (Henikoff, 1984) . The fragment was sequenced on both strands with a mean of three readings per base. three ORFs (orfl, orf2 and orf3), probably organized in a single transcriptional unit, were found. The nucleotide sequence of or-7, or--2 and orf3 is given in Fig. 2 . The 804 bp long orfl potentially codes for a protein of 268 amino acids whereas orf2 is 702 bp in length (protein of 234 amino acids). The 3' end of orfl and the 5' end of orf2 overlap by 11 bp. orf3 is 741 bp long and is located 13 bp downstream from the 3' end of orf2. Putative ribosomebinding sites were found upstream from the ATG start codon of both or-7 and orf3 (underlined in Fig. 2 ) whereas the orf2 start codon appears to be preceded by a less canonical sequence. Two putative rho-independent terminator structures are located downstream from orf3 with a calculated AG value of -24.2 kcalmol-' In conclusion, the three gene products here described appear to constitute a new B. stlbtili.r ABC-type transport system. Orfl is the solute-binding component tethered to the cell membrane with an N-terminal glyceride-cysteine, Orf2 forms the transmembrane complex (probably homodimeric) and Orf3 provides the system with energy.
Tam & Saier (1993) have recently reviewed the structural, functional and evolutionary characteristics of the extracellular solute-binding receptors in bacteria, which were grouped in eight distinct families. According to this classification Orfl appears to belong to receptor family 3, which recognizes and transports polar amino acids and opines, on the basis of its size, typical for this family (265+12 residues), and of the degree of homology. In particular, one of the two signature sequences which characterize family 3 [GF(DE)(LIV)DLX3(LIVM) (CA)(KE)] is partially conserved in Orfl between residues 70 and 81.
The homology of Orfl with the receptor subunits of the polar amino acid and opine transport systems so far characterized together with the striking similarities of Orf2 and Orf3 with the other components of the same systems lead us to hypothesize that this system is involved in amino acid transport.
Unfortunately, we do not have any direct experimental evidence to unequivocally assign a specific function to this 
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--->ORF2 -. ._ system. When the chromosomal deletion of a 1148 bp Hind111 fragment, which destroys both the C-terminus of Orfl and the N-terminus of Orf3 and removes Orf2 entirely, was introduced into B. mbtilis 168 and the mutant strain was grown in minimal media containing different amino acids as the sole nitrogen source no difference in the growth curves of the mutant strain with respect to the wild-type strain was observed. However these results do not rule out the involvement of the system in amino acid transport since, as it is the case for other organisms (see for example Townsend & Wilkinson, 1992) , each amino acid might have more than one transport system. More detailed physiological and biochemical studies are necessary to identify the function of the system.
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